Background: Formaldehyde is commonly used for cadaver preservation in most anatomy laboratories with medical students at risk of acute toxic reactions involving the mucosal surface of the upper respiratory tract. Aım: To assess the nasal induced physical reactions from formaldehyde exposure among pre-clinical medical students. Materials and Method: This is a cross sectional, anonymous questionnaire-based study that included 119 preclinical medical students who took human anatomy laboratory course in the year 2012 at the College of Health Science of the Usman Danfodiyo University, Sokoto, Nigeria. Results: One hundred and nineteen students responded to the questionnaires. There were 82 males and 37 females with a ratio of 2.2:1. Fifty nine (49.6%) of the respondents had watery rhinorrhea, nose itching 41 (34.5%), excessive sneezing 34 (28.6%), nasal obstruction 32 (26.9%), hyposmia 23 (19.3%) and 6 (5%) epistaxis. Thirty (29.2%) respondents had persistent nasal symptoms throughout the dissection session and nasal obstruction accounted for 40% of those affected. Majority of the respondents 113 (95%) had no knowledge of health hazards and precautions against formaldehyde exposure. Conclusion: Watery rhinorrhea, followed by nasal obstruction were the most common nasal symptoms which were persistent in 36.7% and 40% of the respondents respectively throughout the anatomy dissection sessions. Ninety five percent of the respondents had no knowledge of health hazards and precautions against formaldehyde exposure, therefore we recommend creation of awareness and precautionary measures against formaldehyde exposure in our Nigerian medical schools.
Introduction
Formaldehyde is characterized for its pungent odor, a colorless, flammable gas and soluble in water; its aqueous solution of about 37% formaldehyde is called formalin and is widely used in a tissue preservative in autopsy rooms and in anatomy laboratories to preserve cadaver [1] - [3] , particularly in Nigerian medical schools [4] .
Gross anatomy is one of the compulsory courses in medical and dental schools for the study of the normal human structural anatomy for which cadavers preserved with formalin are used for dissection [5] - [7] . Studies have shown that exposure to formaldehyde at a certain concentration causes irritation of the eyes and the respiratory tract [8] [9] , because of the chemosensory effect on the nervus trigeminus resulting to reflex response such as sneezing, lacrimation, rhinorrhea [10] . The estimated threshold for odor perception, irritant effects involving the eyes, nose and throat are less than 0.5 parts per million (ppm), 0.5 -1.0 ppm and 1.0 ppm respectively [11] . During dissection process, formaldehyde vapors are emitted from the cadaver, resulting to exposure especially the medical student(s) closer to cadaver, the exposure level are 2-to 3-fold higher than the mean indoor formaldehyde concentration [10] [12] .
There are many ways of minimizing the hazards and exposure of formaldehyde in the anatomy laboratory: engineering controls for providing appropriate ventilation systems, alternative to formaldehyde as a tissue preservative, proper storage and waste disposal of formaldehyde [13] . For individual protection at risk of exposure especially the medical students, instructors and cadaver related workers should wear: protective devices activated carbon mask, goggle and rubber glove during working in gross anatomy laboratory [14] .
However, the most cost effective initial step in minimizing hazard of formalin exposure involves the detailed discussion with the medical students before starting dissection with the aim of achieving a balance attitude toward the health hazard of formaldehyde in anatomy laboratory [1] .
Most of these precautions stated above are achievable in the anatomical laboratories of the developed world especially the use of local exhaust ventilation (LEV) method source control for dissecting tables, which involves the modification of dissecting tables to include lateral exhaust slots along the perimeter of the area that supports the cadaver [15] . In contrast, this may not be the case for developing countries like Nigeria, where formaldehyde and its biological effect is still a common phenomenon [4] [16] . Studies in the western world and Nigeria: on the effect of formaldehyde exposure to students in gross anatomy laboratory showed that its effect on the eyes and the upper respiratory tract are common [1] [4] [8] [16] . The uptake of formaldehyde by the nasal mucosa has been demonstrated to be extremely high [17] and there is dearth of information on the detailed nasal response from formaldehyde exposure during dissection in the anatomy laboratory. The present study aimed to determine the nasal induced physical reactions from formaldehyde exposure among pre-clinical medical students during anatomy dissection.
Materials and Methods
The study employed a descriptive method using structured, self-administered questionnaires in obtaining vital information from the second and third year medical students, who took human anatomy laboratory course in the year 2012 at the College of Health Science of Usman Danfodiyo University, Sokoto, Nigeria. Institutional research ethical clearance was obtained from the ethical committee of Usman Danfodiyo University Teaching Hospital, Sokoto.
Out of 170 questionnaires, only 119 were completed and returned. The questionnaires comprised of: age, sex, types of physical reaction from the respiratory tract following formaldehyde exposure and knowledge of the respondents on the hazards and precautions of formaldehyde exposure. The inclusion criteria: respondents must be in contact with cadavers preserved with formalin. The exclusion criteria includes respondents with histories of asthma, dermatitis, and preexisting rhinitis with associated other nasal symptoms such as nasal obstruction, anosmia, epistaxis, itching of the nose and excessive sneezing.
Data were analyzed using Statistical Package for the Social Sciences (SPSS) version 18 to determine the mean, standard deviation and frequency distributions and statistical significance between nasal obstruction and feeling of tightness of the chest during cadaver dissection in the anatomy laboratory using chi-square (2 tail test) with the level of significance set at 5%.
Results
A total of one hundred and seventy questionnaires were distributed, 119 were completed and returned: response rate of 70%. There were 82 males and 37 females with the ratio of 2.2:1. The age range was between 18 to 42 years with the mean age of 22 ± 3.5 years as shown in Table 1 .
Majority of the respondents had eyes irritation accounting for 88.2% and for nasal symptomatology: watery rhinorrhea accounted for 59 (49.9%), followed by nose itching 41 (34.5%), excessive sneezing 34 (28.6%), nasal obstruction 32 (26.9%), hyposmia 23 (19.3%) and epistaxis 6 (5%) as shown in Figure 1 . Thirty (25.2%) of the respondents had persistent nasal symptoms for which nasal obstruction accounted for 12(40%), watery nasal discharge 11 (36.7%), excessive sneezing 5 (16.7%) and itching of the nose 2 (6.7%) as shown in Figure 2 . Other respiratory tract symptoms from formaldehyde exposure includes: sore throat 31 (26.1%), cough 27 (22.7%), feelings of chest tightness 13 (10.9%) and wheezing 10 (8.4%) as shown in Figure 3 . There was significant relationship between nasal obstruction and feeling of tightness of the chest (p < 0.05) in the respondents exposed to formaldehyde. Majority 113 (95%) of the respondents have no knowledge of health hazards and precautions against formaldehyde exposure. 
Major
The respondents were all preclinical medical students 
Discussion
Formaldehyde in aqueous solution (formalin) is widely used as a cadaver preservative, characterized by its pungent odor and the irritating effect to the eyes and the upper respiratory tract are well known unpleasant properties of formaldehyde in the dissecting anatomy laboratories [1] [18] . With emphasis on the irritative effect to the nasal mucosa from formaldehyde exposure, the present study showed that one of the most common reported nasal symptoms was watery rhinorrhea. This observation was in agreement with a report from Nigeria, on the excruciating effect of formaldehyde among 93 students in gross anatomy dissecting laboratory [19] : besides the unpleasant smell perceived by the respondents, running nose was the second most common symptom. The present study also showed that epistaxis was the least symptom from formaldehyde exposure which was similar to the work done by Wantke et al., in which only two of 45 students had epistaxis [20] . The precise mechanism for irritative formaldehyde exposure for non-allergic individual, is not known. However, in vitro studies suggested that formaldehyde may play a role as an irritant of the nasal mucosa by increasing the expressions of adhesion molecules on human mucosal microvascular endothelial cells [21] . The uptake of formaldehyde by the nasal mucosa has been demonstrated to be extremely high and in the presence of nasal blockage with associated mouth breathing, more formaldehyde can probably reach the lungs with resultant formaldehyde induced bronchoconstriction [17] [22] [23] . This could explain the statistical significance of our respondents with nasal obstruction and feelings of chest tightness. However, our present study is limited by the inability to measure the formaldehyde air concentration in our anatomy laboratory following exposure which may be responsible for the lower respiratory tract symptoms experienced by our respondents. Persistent symptoms during cadaver dissection as seen in 25.2% of our respondents, may impair the medical student's concentration and reduced the zeal to learn gross anatomy throughout the dissection period. However, these persistent symptoms are relieved immediately after leaving the dissection room.
Hazards of uncontrolled formaldehyde exposure is well documented in literature [1] [2] [13] . Emphasis on the need for detailed discussion with the students before starting dissection course is important, with the aim of achieving a more critical, balanced attitude toward the health hazard of formaldehyde and other forms of formaldehyde protection programs [1] [13] . The present study showed that 95% of the respondents have no knowledge of health hazards and precaution against formaldehyde exposure and this may be a contributory factor for undue exposure bearing in mind that formaldehyde had been classified as human carcinogen that cause nasopharyngeal carcinoma [24] .
Many precautionary measures against formaldehyde exposure are well documented in literature: engineering controls by providing appropriate ventilation systems, alternative to formaldehyde as a tissue preservative such as the use of propylene glycol ether and phenol in combination etc., proper storage and waste disposal of formaldehyde, the use of protective devices activated carbon mask, goggle and rubber glove during working in gross anatomy laboratory [1] [13] . With serious commitments from the institution(s) involved and the government, this is achievable in order to minimize the hazards of formaldehyde.
Conclusion
Watery rhinorrhea and nasal obstruction were the most common nasal symptoms and were persistent in 36.7% and 40% of the respondents respectively throughout the anatomy dissection session. There is statistical significance (<0.05%) of respondents with nasal obstruction and feeling of chest tightness. Ninety five percent of the respondents had no knowledge of health hazards and precautions against formaldehyde exposure. We recommend creation of awareness and precautionary measures against formaldehyde exposure in our Nigerian medical schools.
